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Abstract 

We present a model of the interaction of interstellar 
dust grains with a stellar environment, that predicts 
the distribution of interstellar dust grains in the size 
range between 0.1 /im and 1 /im around a star for 
the whole stellar cycle. Comparisons of the model 
results with in-situ dust measurements by the Ulysses 
spacecraft in the Solar System validate the model. 
We show that in the case of the Sun, interstellar dust 
grains can produce large regions of infrared emission 
that can be confused with a circumsolar dust disk 
when observed from afar. Our model can determine 
the shape of interstellar dust concentrations close to 
nearby stars, if we have information on the relative 
velocty of the stars with respect to the surrounding 
interstellar medium, and the properties of the stellar 
wind. 

Introduction 

the stellar wind deflects interstellar dust grains 
from their initial direction of motion. The actual 
direction in which the grains are deflected depends 
on the polarity of the stellar magnetic field and thus 
on the phase of the stellar cycle. Since the magnetic 
field produced by the star is usually stronger than the 
surrounding interstellar magnetic field, the filtration 
at the heliopause affects smaller grains than the fil- 
tration inside the heliosphere. Both filtration mecha- 
nisms disturb the fiow of interstellar grains around the 
star. Therefore, interstellar dust density fiuctuations 
can be expected on scales of the stellar astrosphere. 
This has to be taken into account when infrared ob- 
servations of the stellar vicinity are analyzed, because 
spatial disturbances of the interstellar dust distribu- 
tion can mimic the appearance of circumstellar dust 
disks. 

Another aspect of the interaction of interstellar 
dust with the stellar environment is the erosion of 
circumstellar dust disk by collisions of disk particles 
with interstellar grains. It has been shown [Liou and 
Zook, 1999] that the appearance of a dust disk can be 
a strong indicator of planets that orbit the star. The 



indicative features of such a dust disk develop on time 
scales in the order of 10^ to 10^ years. Depending on 
the concentration and relative velocity of interstellar 
dust near the star, these features are eroded before 
they become strong enough to be detected. 

Model description 

We simulate the gravity, radiation pressure, and 
Lorentz-force that interstellar grains experience as 
they traverse the heliosphere and the Solar System 
(for a full description see Landgraf [1999]). The rel- 
ative strength of these forces depends on the grains' 
size. Grains with sizes below 0.1 /xm experience dom- 
inantly the Lorentz-force that is created by the solar 
wind magnetic field sweeping by the grains [Morfill 
and Griin, 1979]. Since the solar wind magnetic field 
changes its polarity with the solar cycle, the effect 
on the spatial grain distribution also depends on the 
phase of the cycle. Griin et al. [1994] and Gustafson 
and Lederer [1996] found that during the first half 
(1991 to 2002) of the cycle, grains are deflected away 
from the solar equatorial plane, and towards the so- 
lar equatorial plane during the second half (2002 to 
2013). If the grain size is comparable to the max- 
imum wavelength of the solar spectrum, radiation 
pressure becomes effective and can even exceed grav- 
ity [Gustafson, 1994]. The motion of grains with sizes 
above 1 /im is dominated by gravity and they approx- 
imately move on hyperbolic Kepler orbits. 

Simulation results 

In figure fi^ we show the spatial distribution of 
spherical interstellar dust grains with radii of 0.1 mi- 
crons around the Sun during the whole solar cycle 
from 1991 to 2013. For this simulation we have as- 
sumed an initial relative velocity of the grains of 26 
km/s with respect to the Sun and a electrostatic grain 
charge surface-potential of -I-5V [Mukai, 1981]. The 
figure shows how the spatial distribution of interstel- 
lar dust grains around the Sun changes with the 22- 
year solar cycle. The individual paneles in figure |l| 
show a rectangular area of 80AU x 80AU around the 
Sun. Figure |l| shows the distribution in the plane 
that contains the initial dust velocity vector and is 
perpendicular to the plane that contains the solar ro- 
tation axis and the dust velocity vector. In the case 
of the Sun, the plane shown in figure |l] is also close 
to the solar equatorial plane. During all phases of 
the solar cycle the solar wind magnetic field repels 
interstellar dust grains from the vicinity of the Sun. 



The average magnetic field strength experienced by 
a dust grain is higher when the field is highly or- 
dered during a solar minimum. The first panels show 
the distribution of interstellar dust grains after they 
have been concentrated to low heliographic latitudes 
by a field configuration that deflects particles in the 
northern hemisphere to the south and particles in the 
southern hemisphere to the north during the 1985 so- 
lar minimum. The arc of enhanced particle density 
downstream of the Sun is generated by the repelling 
effect of the solar wind magnetic field. Since the aver- 
age field strength is low during the solar maximum in 
1991, the particles propagate freely until they are de- 
flected to high heliographic latitudes during the 1997 
solar minimum. After the projected solar maximum 
in 2002 particles are deflected to lower heliographic 
latitudes again, and in 2012 the same distribution as 
at the beginning of the cycle in 1991 is achieved. 

Comparison with Spacecraft 
Measurements 

Ulysses has measured a decrease in the flux of 
interstellar grains after mid- 1996 by about a factor 
of 3. Our model reproduces this decrease, which is 
due to the deflecting phase of the solar wind mag- 
netic field that starts in 1991 and becomes most ef- 
fective in 1995, according to the model interpretation. 
Consequently the spatial concentration of interstellar 
grains decreases, especially around low heliographic 
latitudes. Since the grain's charge-to-mass ratio, that 
controls the coupling of the grain to the magnetic 
field, is inversely proportional to the grain radius, 
the smallest grains are affected most by the deflecting 
field. Larger grains are depleted more slowly, due to 
their inertia. The best fit to the data is achieved for 
grain sizes between 0.2 fiia and 0.3 /im, which is also 
the size range of the most abundant impacts onto the 
Ulysses dust instrument before mid-1996 [Landgraf et 
al., 1999]. We conclude that the in-situ measurements 
support the model prediction that the distribution of 
small interstellar dust grains around the Sun is time- 
dependent and changes with the solar cycle. 

Prediction of Interstellar Dust around 
Nearby Stars 

Can we predict the spatial distribution of interstel- 
lar dust around nearby stars? To model the motion 
of interstellar dust grains in the vicinity of a nearby 
star we need information on the relative velocity of 



the star with respect to the surrounding medium, the 
magnetic cycle, and the velocity and thermodynamic 
state of the stellar wind. To assess dust filtration 
at the astrospheric boundary region, information on 
the magnetic and thermal pressure in the surrounding 
medium is needed. 

The Hipparcos catalog contains 1550 stars within 
25 pc, 508 of which are G-type stars. The astromet- 
ric data can be used to determine the star's velocity. 
The velocity of the surrounding medium can be de- 
termined from absorption line measurements of the 
nearby interstellar gas [Lallement and Bertin, 1992; 
Frisch 1996]. The state and periodicity of the stellar 
wind can be derived from measurements of the stel- 
lar mass-loss and activity. Our model is restricted to 
stars that have a magnetic field configuration similar 
to the Sun. The motion of very small grains inside an 
astrosphere can not easily be modeled if the grain's 
gyration frequency is in the order of or less than the 
rotation frequency of the star. In the case of the Sun 
this is not a strong restriction, because grains with 
sizes below 0.05 /xm are filtered at the hehopause re- 
gion and thus never reach the inner part of the hclio- 
sphere. 

The result of our model calculations is a three- 
dimensional distribution of grains around a given star. 
From this information the grain fiux near a circum- 
stellar dust disk as well as the projected distribution 
of infrared emission can be derived. 

References 



Frisch, P.C, 1996. LISM St 


Stoigcr, R. LallG 


Tieiit, a 


IntcrstoUar Modi 


am, Spa 


Friacli, P.C. Dorsclir 


icr, J., 


M., Hoppe, P., J< 


mes, A. 


Reach, W.T., Sla 


vin, J., 


the Local Interst 


Bllar W 


Griin, B., Gustatson 


B.A.S 


P., Taylor, A., an 


d Zook 



ructurc - Fragmctcd Supcrbubbic Shell?, R. von 
lid M.A. Lee, eds., The Hclioaphcre in the Local 
Lce cience Series of ISSI, 213-222. 

Geiss, J., Greenberg, J.M., Griin, E.. Landgraf, 
P., Kratschmer, W.J., Lindc, T.,L, Morfill, G.E., 

Svestka, J., Witt, A.. : 
ind, ApJ, in press, preprint at 

, Mann, I. Baguhl, M., MoiTI 
, H.A., 1994. Interstellar Dust 



U.P., I'JUU. 
stro-ph/9905108 

rTTTTTr 



'. Hell 



A&A, 286:915-924. 
Gustafson, B.A.S. , 1994. Physics of Zodiacal Dust, Ann. Rev. of Earth ; 

Planet. Sci., 22:553-595. 
Gustafson, B.A.S. and Lederer, S.M., 1996. Interstellar Grain Flow throi 

the Solar Wind Cavity around 1992, B.A.S. Gustafson and M.S 

eds., Astronomical Society of the Pacific Conference Series, 104:35-39. 
Mathis, J.S., Rumpl, W., and Nordsiek, K.H., 1977. The Size Distribution of 

Interstellar Grains, ApJ, 280:425. 
Morfill, G.E. and Grun, E., 1979. The Motion of Charged Dust Particles in 

Interplanetary Space - II. Interstellar Grains. Planet, and Space Sci., 

27:1269 - 1282. 
Mukai, T., 1981. On the Charge Distribution of Interplanetary Grains, A&A, 

99:1-6. 

1992. Northern-Hemisphere Observations of 



Gas 



llement, R. and Beri 

Nearby Interstellar 

266:479-485. 
ndgraf, M., 1999. Moc 

inside the Heliosphe 
ndgraf, M., Baggaley. 

Aspects of the Mass 

System from In-Situ 
ido, T.J. and Gombo; 

liosphcric Interfaces 
Du, J.C. and Zook, H.A 

on the Edgeworth~Kui 



sible Detecti( 



of the 



al Cloud. A&A, 



iling the Motion and Distribution of Intc 

e, JGR, in press. 

W.J., Grun, E., Kriiger, H., and Linkc: 

Distribution of Interstellar Dust Grains 

Measurements, JGR, submitted. 

L, T.I., 1999. Interstellar 

JGR, in press. 

1999. Signatures of the Giant Planet 
r Belt Dust Disk, AJ, in press. 



1999. 
; Solar 



Filtration at the He- 



Whitmire, D.P., Matese, J.J., and Whitman, P.G., 1992. Velocity Strc 
of IRAS Main-Sequence Disk Stars and the Episodic Enhancement ( 
ticulate Disks by Interstellar Clouds, ApJ, 388:190-195. 




Figure 1. Spatial distribution of interstellar grains with radii of 0.1 /im in a 80 AU x 80 AU plane that contains 
the upstream direction vector and is close to the solar equatorial plane. The distribution changes with the solar 
cycle and is therefore shown as a sequence (from upper left to lower right) of panels that covers the whole cycle 
from 1991 to 2013. 



